mixture of gases is converted catalytically to a variety of liquid prod-
ucts, which can include materials such as methanol or hydrocarbons in
the gasoline or distillate boiling range.  It is anticipated that both
classes of processes will see considerable application in the future,
with the choice depending on the nature of the raw materials available,
the types of products required, and the technological maturity of par-
ticular processes.  While the liquids produced by indirect liquefaction
will require further purification and refining, major problems are not
foreseen.  This study, therefore, concentrates on the refining problems
involved in converting liquids from direct liquefaction processes to
acceptable products.

Heating without adding hydrogen or solvents is called pyrolysis.
With the western oil shales, high recoveries of the organic fraction can
be achieved by pyrolysis, and a variety of retorts have been proposed
for this purpose.  There is also considerable interest in in situ retort-
ing, in which most of the operation is carried out underground.  The
shale is explosively fragmented, and a flame is propagated downward
through the broken stone by pumping air downward.  The heat from this
flame drives off pyrolysis products, which run to the bottom of the
fractured zone, and the flame is fed by the char that remains in the
stone.  The oil produced is more volatile than that obtained in above-
ground retorting, probably due to a higher level of thermal conversion.
However, its properties are otherwise quite similar to those of shale
oil retorted above ground and do not present significantly different
refining problems.

Pyrolysis has also been used in the liquefaction of coal, but the
processes developed thus far yield relatively small amounts of liquids
(usually less than 30 percent of the coal feed), accompanied by large
quantities of char that can be disposed of as a boiler fuel.  The liquid
is in the form of a very heavy tar that can be used as a low grade liquid
fuel or refined to a higher grade fuel.

Higher yields of liquids are obtained by the use of liquid phase pro-
cesses in which most of the coal is dissolved in a coal-derived recycle
liquid which also supplies hydrogen "donors" to upgrade the hydrocarbons
in the coal.  In general, the recycle liquid is catalytically rehydrogen-
ated either in an external circuit (as in the Exxon Donor Solvent, or
EDS, process) or in the presence of the coal and ash (as in the H-Coal
and Solvent-Refined Coal II, or SRC-II, processes).

The properties of the liquids obtained depend, of course, on the
coal used.  They also depend strongly on the amount of hydrogen added
during liquefaction. Processes such as SRC-I, which add a minimal amount
of hydrogen, produce a relatively high molecular weight tar. A process
such as EDS, which consumes a large quantity of hydrogen, can produce
a product more than 25 percent of which is in the gasoline boiling range.
An alternative, of course, would be to add hydrogen to a product such
as SRC-I in a second step; this could be classified as refining.  It